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Shear-current effect in a turbulent convection with a large-scale shear
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The shear-current effect in a nonrotating homogeneous turbulent convection with a large-scale
constant shear is studied. The large-scale velocity shear causes anisotropy of turbulent convection,
which produces the mean electromotive force E (W ) ∝ W×J and the mean electric current along
the original mean magnetic field, where W is the background mean vorticity due to the shear and
J is the mean electric current. This results in a large-scale dynamo even in a nonrotating and
nonhelical homogeneous sheared turbulent convection, whereby the α effect vanishes. It is found
that turbulent convection promotes the shear-current dynamo instability, i.e., the heat flux causes
positive contribution to the shear-current effect. However, there is no dynamo action due to the
shear-current effect for small hydrodynamic and magnetic Reynolds numbers even in a turbulent
convection, if the spatial scaling for the turbulent correlation time is τ (k) ∝ k−2, where k is the
small-scale wave number.
PACS numbers: 47.65.Md; 47.65.-d
I. INTRODUCTION
It is generally believed that the large-scale magnetic
fields of the Sun, solar type stars and galaxies are origi-
nated by a dynamo process, i.e., due to a joint action of
small-scale helical turbulent motions (the α effect) and
large-scale differential rotation (see [1, 2, 3, 4, 5, 6, 7, 8,
9]). It has been recently recognized [10, 11, 12, 13, 14, 15]
that in a sheared nonhelical and nonrotating homoge-
neous turbulence whereby the α effect vanishes, the
mean-field dynamo is possible due to shear-current ef-
fect.
The mechanism of the shear-current dynamo is as fol-
lows. The deformations of the original nonuniform mag-
netic field lines are caused by upward and downward tur-
bulent eddies. In a sheared turbulence the inhomogeneity
of the original mean magnetic field breaks a symmetry
between the influence of the upward and downward tur-
bulent eddies on the mean magnetic field. This creates
the mean electric current J along the mean magnetic field
B and produces the shear-current dynamo. In particu-
lar, the large-scale velocity shear creates anisotropy of
turbulence. This produces the mean electromotive force
E
(W ) ∝W×J, where W is the background mean vortic-
ity due to the shear. Joint effects of the mean electromo-
tive force E(W ) and stretching of the mean magnetic field
due to the large-scale shear motions cause the mean-field
dynamo instability.
A sheared turbulence is a universal feature in astro-
physics. The shear-current effect might be an origin for
the large-scale magnetic fields in colliding protogalactic
clouds and in merging protostellar clouds [15]. This ef-
fect might be also important in accretion discs where
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the mean velocity shear comes together with rotation, so
that both the shear-current effect and the α effect might
operate. Since the shear-current effect is not quenched
(see [11, 16]) contrary to the quenching of the nonlinear
α effect, the shear-current effect might be the only sur-
viving effect, and it can explain the origin of large-scale
magnetic fields in astrophysical plasmas with large-scale
sheared motions.
The shear-current effect is a fundamental phenomenon
which should be studied in different situations, e.g., in
different types of turbulence. The goal of the present
study is to investigate the shear-current effect in a non-
rotating homogeneous turbulent convection with a large-
scale constant velocity shear. Note also that in many
astrophysical applications turbulent convection plays an
important role, e.g., in the convective zones of the Sun
and solar type stars. We have shown that turbulent con-
vection promotes the shear-current dynamo instability.
In particular, the heat flux causes positive contribution
to the shear-current effect. However, the shear-current
dynamo is impossible for small hydrodynamic or mag-
netic Reynolds numbers even in a turbulent convection,
if the spatial scaling for the turbulent correlation time is
τ(k) ∝ k−2, where k is the small-scale wave number.
This paper is organized as follows. In section II we
formulate the governing equations, the assumptions and
the procedure of the derivations. In section III we study
properties of the shear-current effect in a sheared tur-
bulent convection and discuss the shear-current dynamo.
In section IV we draw concluding remarks and perform
comparison of the theoretical predictions with the direct
numerical simulations. Finally, in Appendix A we per-
form a detailed derivation of the shear-current effect in a
turbulent convection.
2II. THE GOVERNING EQUATIONS
In order to study the shear-current effect in a turbu-
lent convection we use a procedure which is similar to
that applied in [11, 17]. In particular, we employ a mean
field approach whereby the pressure, entropy, velocity
and magnetic fields are separated into the mean and fluc-
tuating parts, where the fluctuating parts have zero mean
values. To determine the effect of shear on a turbulent
convection we use equations for fluctuations of velocity,
magnetic field and entropy
∂u
∂t
= −(U·∇)u− (u·∇)U−∇
(
p
ρ0
)
− g s
+
1
ρ0
[(b·∇)B+ (B·∇)b] + uN , (1)
∂b
∂t
= (B·∇)u− (u·∇)B+ (b·∇)U− (U·∇)b+ bN ,
(2)
∂s
∂t
= −N
2
g
(u · e)− (U ·∇)s+ sN , (3)
whereB, U and S are the mean magnetic field, the mean
velocity field and the mean entropy, u, b and s are fluc-
tuations of velocity, magnetic field and entropy, ρ0 is the
fluid density, N2 = −g·∇S, and g is the acceleration of
gravity, e is the unit vector directed opposite to g, the
magnetic permeability of the fluid is included in the def-
inition of the magnetic field, p are the fluctuations of to-
tal (hydrodynamic and magnetic) pressure, vN , bN and
sN are the nonlinear terms which include the molecular
viscous and diffusion terms. Equations (1)-(3) for fluc-
tuations of fluid velocity, entropy and magnetic field are
written in the Boussinesq approximation. We consider
the hydrostatic nearly isentropic basic reference state.
The turbulent convection is regarded as a small devia-
tion from a well-mixed adiabatic reference state.
Using Eqs. (1)-(3) written in a Fourier space we derive
equations for the instantaneous two-point second-order
correlation functions of the velocity fluctuations 〈ui uj〉,
the magnetic fluctuations 〈bi bj〉, the entropy fluctuations
〈s s〉, the cross-helicity tensor 〈bi uj〉, the turbulent heat
flux 〈s ui〉 and 〈s bi〉. The equations for these correlation
functions are given by Eqs. (A.2)-(A.7) in Appendix A.
We split the tensor of magnetic fluctuations into non-
helical, hij = 〈bi bj〉, and helical, h(H)ij , parts. The helical
part h
(H)
ij depends on the magnetic helicity, and it is de-
termined by the dynamic equation which follows from
the magnetic helicity conservation arguments (see, e.g.,
[18, 19, 20, 21, 22, 23, 24, 25], and a review [9]).
The second-moment equations include the first-order
spatial differential operators Nˆ applied to the third-order
moments M (III). A problem arises how to close the
system, i.e., how to express the set of the third-order
terms NˆM (III) through the lower moments M (II) (see,
e.g., [26, 27, 28]). We use the spectral τ approxima-
tion which postulates that the deviations of the third-
moment terms, NˆM (III)(k), from the contributions to
these terms afforded by the background turbulent con-
vection, NˆM (III,0)(k), are expressed through the similar
deviations of the second moments,M (II)(k)−M (II,0)(k):
NˆM (III)(k) − NˆM (III,0)(k)
= − 1
τ(k)
[M (II)(k) −M (II,0)(k)] , (4)
(see [11, 28, 29, 30, 31]), where τ(k) is the scale-
dependent relaxation time, which can be identified with
the correlation time of the turbulent velocity field. The
quantities with the superscript (0) correspond to the
background shear-free turbulent convection with a zero
mean magnetic field. We apply the spectral τ approxi-
mation only for the nonhelical part hij of the tensor of
magnetic fluctuations. Note that a justification of the
τ approximation for different situations has been per-
formed in numerical simulations and analytical studies
in [9, 32, 33, 34, 35, 36].
We assume that the characteristic time of variation
of the mean magnetic field B is substantially larger
than the correlation time τ(k) for all turbulence scales.
This allows us to get a stationary solution for the equa-
tions for the second-order moments, M (II). We split
all second-order correlation functions, M (II), into sym-
metric h
(s)
ij = [hij(k) + hij(−k)]/2 and antisymmetric
h
(a)
ij = [hij(k) − hij(−k)]/2 parts with respect to the
wave vector k. For the integration in k-space we have to
specify a model for the background shear-free turbulent
convection (i.e., a turbulent convection with B = 0). The
background turbulent convection is maintained by an im-
posed vertical heat flux F ∗z = 〈s uz〉 with divF∗ = 0 at
a low boundary of convective region. We used the fol-
lowing model for the homogeneous background turbulent
convection:
〈ui uj〉(0)(k) = 〈u2〉Pij(k)W (k) , (5)
〈bi bj〉(0)(k) = 〈b2〉Pij(k)W (k) , (6)
〈s ui〉(0)i (k) = 3 〈s uz〉 em Pim(k)W (k) , (7)
where Pij(k) = δij − kikj/k2, δij is the Kronecker
tensor, W (k) = E(k)/8πk2, the energy spectrum is
E(k) = (q − 1) (k/k0)−q, k0 = 1/l0 and the length l0
is the maximum scale of turbulent motions. The tur-
bulent correlation time is τ(k) = C τ0 (k/k0)
−µ, where
the coefficient C = (q − 1 + µ)/(q − 1). This value of
the coefficient C corresponds to the standard form of the
turbulent diffusion coefficient in the isotropic case, i.e.,
η
T
=
∫
τ(k) [〈u2〉E(k)] dk = τ0 〈u2〉/3. Here the time
τ0 = l0/
√〈u2〉 and √〈u2〉 is the characteristic turbu-
lent velocity in the scale l0. For the Kolmogorov’s type
background turbulence (i.e., for a turbulence with a con-
stant energy flux over the spectrum), the energy spec-
trum E(k) ∝ −dτ/dk, the exponent µ = q − 1 and the
coefficient C = 2. In the case of a turbulence with a scale-
independent correlation time, the exponent µ = 0 and
3the coefficient C = 1. Motions in the background tur-
bulent convection are assumed to be non-helical. Using
the solution of the derived second-moment equations, we
determine the contributions to the mean electromotive
force, Eσi = εimn
∫ 〈bn um〉k dk, caused by the sheared
turbulence (see Appendix A), where εijk is the fully an-
tisymmetric Levi-Civita tensor. This procedure allows us
to determine the contributions to the shear-current effect
caused by the sheared turbulent convection.
III. THE SHEAR-CURRENT DYNAMO
We consider a homogeneous turbulent convection with
a constant mean velocity shear, U = (0, Sx, 0) and W =
(0, 0, S). We consider a most simple form of the mean
magnetic field, B = (Bx(z), By(z), 0). The contributions
to the mean electromotive force caused by the sheared
turbulence, are Eσi = bσijk∇k Bj , where the tensor bσijk =
buijk + b
F
ijk is given by
buijk = l
2
0
I2
30
εikn [Q0∇n Uj + 2Q1 (∂U)nj ] , (8)
bFijk = a∗ l
2
0
I3
140
[
Q3 εikm emn∇n Uj + [Q2 εikn
+Q4 (εikm emn + εinm emk)] (∂U)nj
]
. (9)
Equations (8) and (9) are derived in Appendix A. Here
(∂U)ij = (∇iUj + ∇jUi)/2 and the coefficients Qn are
Q0 = (3−2µ)−ǫ (5+2µ), Q1 = ǫ (7+6µ)−1, Q2 = µ+2,
Q3 = 18− 19µ, Q4 = µ − 6, the parameter ǫ = Em/Ev,
Em and Ev are the magnetic and kinetic energies per
unit mass in the background turbulent convection, and
I2 =
∫
τ2(k)E(k) dk =
(q − 1 + µ)2
(q − 1 + 2µ) (q − 1) ,
I3 =
∫
τ3(k)E(k) dk =
(q − 1 + µ)3
(q − 1 + 3µ) (q − 1)2 .
For the Kolmogorov’s type turbulence, the exponent
µ = q − 1 and the parameters I2 = 4/3 and I3 = 2.
In the case of a turbulence with a scale-independent cor-
relation time, the exponent µ = 0 and the parameters
I2 = I3 = 1. The tensor b
F
ijk in Eq. (9) describes the
contributions of the heat flux to the shear-current effect,
while tensor buijk determines the non-convective contri-
butions (which are independent of the heat flux) to the
shear-current effect. In Eqs. (8)-(9) we have taken into
account only the terms which contribute to the shear-
current effect. In particular, we have taken into account
that By ≫ Bx (see Eq. (20) below) and considered a
weak mean velocity shearU = (0, Sx, 0), where Sτ0 ≪ 1.
The convective contribution to the dynamo instability
due to the shear-current effect depends on the parame-
ter a∗ = 2gτ0F
∗
z /〈u2〉 which is determined by the budget
equation for the total energy. The parameter a∗ is given
by
a−1∗ = 1 +
ν
T
(∇U)2 + η
T
(∇B)2/ρ0
g 〈s uz〉 , (10)
where ν
T
is the turbulent viscosity and η
T
is the coeffi-
cient of turbulent magnetic diffusion.
Therefore, in the kinematic approximation the mean
magnetic field is determined by
∂Bx
∂t
= −σ
B
S l20 B
′′
y + ηT B
′′
x , (11)
∂By
∂t
= S Bx + ηT B
′′
y , (12)
where B′′i = ∂
2Bi/∂z
2. Here we neglect small contri-
butions to the coefficient of turbulent magnetic diffusion
caused by the shear motions because Sτ0 ≪ 1. The di-
mensionless parameter σ
B
describes the shear-current ef-
fect. Straightforward calculations using Eqs. (8)-(9) yield
the parameter σ
B
= σu
B
+ σF
B
, where
σu
B
=
I2
30
(Q0 +Q1) , (13)
σF
B
= a∗
I3
280
[
Q2 −Q4 + 2 (Q3 +Q4) sin2 φ
]
,
(14)
φ is the angle between the unit vector e and the back-
ground vorticity W due to the large-scale shear. Equa-
tions (13) and (14) yield the following final expressions
for the parameter σ
B
:
σ
B
=
I2
15
[
1− µ+ ǫ (1 + 2µ) + a∗ 3 I3
7 I2
[
2
+3 (2− 3µ) sin2 φ]
]
, (15)
where the terms ∝ a∗ in Eq. (15) describe the contri-
bution of the turbulent convection to the shear-current
effect. Equations (11) and (12) determine the shear-
current dynamo instability. In particular, the first term
∝ SBx in the right hand side of Eq. (12) determines
the stretching of the magnetic field Bx by the shear mo-
tions and produces the field By. On the other hand, the
interaction of the non-uniform magnetic field By with
the background vorticity W produces the electric cur-
rent along the field By. This effect is determined by the
first term in the right hand side of Eq. (11) and causes
the generation of the magnetic field component Bx. The
growth rate of the mean magnetic field due to the shear-
current dynamo instability is given by
γ = S l0
√
σ
B
Kz − ηT K2z , (16)
where Kz is the large-scale wave number. The necessary
condition for the dynamo instability is σ
B
> 0.
The shear-current dynamo instability depends on the
spatial scaling of the correlation time τ(k) ∝ k−µ of
4the turbulent velocity field, where k is the small-scale
wave number. In the absence of turbulent convection,
the terms ∝ a∗ in Eq. (15) vanish, and the shear-current
dynamo in a non-convective turbulence with ǫ = 0 oc-
curs for µ < 1. For the Kolmogorov’s type turbulence,
the exponent µ = 2/3 and Eq. (15) reads
σ
B
=
4
135
[
1 + 7 ǫ+
6
7
a∗
]
. (17)
In this case the parameter σ
B
is independent of the angle
φ between the unit vector e and the background vorticity
W. For a turbulent convection with a scale-independent
correlation time, the exponent µ = 0 and the parameter
σ
B
is given by
σ
B
=
1
15
[
1 + ǫ +
9
7
a∗ (1 + 3 sin
2 φ)
]
. (18)
In these cases the shear-current dynamo instability
causes the generation of the large-scale magnetic field.
It follows from Eqs. (15)-(18) that turbulent convection
promotes the shear-current dynamo instability. In par-
ticular, the heat flux causes positive contribution to the
shear-current effect when 2 + 3 (2− 3µ) sin2 φ > 0.
However, for small hydrodynamic and magnetic
Reynolds numbers, the turbulent correlation time is of
the order of τ(k) ∝ 1/(νk2) or τ(k) ∝ 1/(ηk2) depending
on the magnetic Prandtl number, i.e., τ(k) ∝ k−2. In
this case µ = 2, and the parameter σ
B
< 0 even in a tur-
bulent convection with ǫ = 0. This implies that for small
hydrodynamic and magnetic Reynolds numbers there is
no dynamo action due to the shear-current effect. This
result is in agreement with the recent studies [37, 38] per-
formed in the framework of the second order correlation
approximation (SOCA) for sheared non-convective flows.
This approximation is valid only for small hydrodynamic
Reynolds numbers. Even in a highly conductivity limit
(large magnetic Reynolds numbers), SOCA can be valid
only for small Strouhal numbers, while for large hydro-
dynamic Reynolds numbers (for a developed turbulence),
the Strouhal number is 1.
Note that the standard approach (i.e., SOCA) cannot
describe the situation in principle. The reason is that the
shear-current dynamo requires a finite correlation time
of turbulent velocity field, so the delta-correlated version
of SOCA fails. The application of the path integral ap-
proach for the study of the shear-current dynamo also re-
quires a finite correlation time of turbulent velocity field.
The shear-current dynamo is a phenomenon that results
from the interaction of the energy-containing-scale of
turbulence with large-scale shear, and the constraint is
that the hydrodynamic and magnetic Reynolds numbers
should be not small at least. Therefore, the SOCA-based
approaches do not work properly to describe the shear-
current dynamo. Probably, the hydrodynamic and mag-
netic Reynolds numbers can be of the order of unity and
there is no need for a developed inertial range in order
to maintain the shear-current dynamo.
In order to determine the threshold required for the ex-
citation of the shear-current dynamo instability, we con-
sider the solution of Eqs. (11) and (12) with the following
boundary conditions: B(t, |z| = L) = 0 for a layer of the
thickness 2L in the z direction. The solution for the mean
magnetic field is determined by
By(t, z) = B0 exp(γ t) cos(Kzz + ϕ) , (19)
Bx(t, z) = l0Kz
√
σ
B
By(t, z) . (20)
For the symmetric mode the angle ϕ = π n and the
large-scale wave number Kz = (π/2)(2m+1)L
−1, where
n,m = 0, 1, 2, ... . For this mode the mean magnetic field
is symmetric relative to the middle plane z = 0. Let us
introduce the dynamo number D = (l0 S∗/L)
2 σ
B
, where
parameter S∗ = S L
2/η
T
is the dimensionless shear num-
ber. For the symmetric mode the mean magnetic field
is generated due to the shear-current effect when the dy-
namo number D > Dcr = (π
2/4)(2m + 1)2. For the
antisymmetric mode the angle ϕ = (π/2) (2n + 1) with
n = 0, 1, 2, ..., the wave number Kz = πmL
−1 and the
magnetic field is generated when the dynamo number
D > Dcr = π
2m2, where m = 1, 2, 3, ... . The max-
imum growth rate of the mean magnetic field in the
shear-current dynamo instability, γmax = S
2 l20 σB/4ηT ,
is attained at Kz = S l0
√
σ
B
/2η
T
. Therefore, the char-
acteristic scale of the mean magnetic field variations
LB = 2π/Kz = 4 u0/(S
√
σ
B
) . For the shear-current dy-
namo, the ratio of the field components Bx/By is small
(see Eq. (20)). Remarkably, in the αΩ dynamo, the
poloidal component of the mean magnetic field is much
smaller than the toroidal field.
IV. DISCUSSION
In the present study we investigate the shear-current
effect in a nonrotating homogeneous turbulent convec-
tion with a large-scale constant velocity shear. We show
that the condition for the shear-current dynamo is in-
dependent of the exponent of the energy spectrum of
turbulent convection, but it depends on the scaling ex-
ponent µ of the turbulent correlation time τ(k) ∝ k−µ,
where k is the small-scale wave number. We discuss three
cases in details: (i) the Kolmogorov’s type turbulence
with the exponent µ = 2/3; (ii) a turbulent convection
with a scale-independent correlation time (µ = 0); (iii) a
turbulent convection with small hydrodynamic and mag-
netic Reynolds numbers with the scaling τ(k) ∝ k−2. We
have found that turbulent convection promotes the shear-
current dynamo instability. In particular, the heat flux
causes positive contribution to the shear-current instabil-
ity. However, the shear-current dynamo does not occur
for small hydrodynamic and magnetic Reynolds numbers
even in a turbulent convection, if the spatial scaling for
the turbulent correlation time is τ(k) ∝ k−2.
For simplicity we consider weak linear velocity shear,
U = (0, Sx, 0), where the parameter Sτ0 ≪ 1. The
5main effect of the weak linear velocity shear on turbu-
lent convection is a generation of additional anisotropic
velocity fluctuations. We consider turbulent convection
in the region which is far from the boundaries, because
the constant linear velocity shear cannot exist near the
boundaries whereby the boundary layers form. The gen-
eration of the magnetic field in a nonlinear velocity shear
depends on boundary conditions and requires numerical
study. Turbulent convection can be inhomogeneous in
this case.
The main goal of this paper is to study an effect of
the heat flux on the shear-current dynamo instability in
a most simple model of turbulent convection with a lin-
ear shear. The shear-current dynamo acts also in inho-
mogeneous turbulent convection. However, in inhomo-
geneous turbulence with a large-scale constant velocity
shear the kinetic helicity and the α effect do not vanish
(see [10, 11, 37]). In this case the shear-current dynamo
acts together with the α-shear dynamo which is similar
to the αΩ dynamo. The joint action of the shear-current
and the α-shear dynamos have been recently discussed in
[16, 39, 40]. The shear-current effect does not quenched
(see [11, 16]) contrary to the quenching of the nonlinear α
effect, the turbulent magnetic diffusion, the effective drift
velocity, etc. Therefore, the shear-current effect might be
the only surviving effect, and it can explain the origin of
large-scale magnetic fields in sheared astrophysical tur-
bulence.
The shear-current dynamo instability is saturated by
the nonlinear effects. The nonlinear mean-field dynamo
due to a shear-current effect in a nonhelical homoge-
neous turbulence with a mean velocity shear has been
investigated recently in [14] (see also [40]), whereby the
transport of magnetic helicity as a dynamical nonlinear-
ity has been taken into account. The magnetic helicity
flux strongly affects the saturated level of the mean mag-
netic field in the nonlinear stage of the dynamo action.
In particular, numerical solutions [14] of the nonlinear
mean-field dynamo equations which take into account the
shear-current effect, show that if the divergence of the
magnetic helicity flux is not small, the saturated level of
the mean magnetic field is of the order of the equipar-
tition field determined by the turbulent kinetic energy.
These results are in a good agreement with direct nu-
merical simulations [12, 13], whereby the generation of
the large-scale magnetic field in a nonhelical turbulence
with an imposed mean velocity shear has been investi-
gated.
In the direct numerical simulations [12, 13] the non-
convective turbulence is driven by a forcing that consists
of eigenfunctions of the curl operator with the wavenum-
bers 4.5 < kf < 5.5 and of large-scale component with
wavenumber k1 = 1. The forcing produces the mean flow
U = U0 cos (k1 x) cos (k1 x). The numerical resolution in
these simulations is 128× 512× 128 meshpoints, and the
parameters used in these simulations are as following:
the magnetic Reynolds number Rm = urms/(η kf ) = 80,
the magnetic Prandtl number Prm = ν/η = 1 and
U0/urms = 5. The growth rate of the mean magnetic
field is about γ τ0 ≈ 2× 10−2. This allows us to estimate
the parameter σ
B
characterizing the shear-current effect,
σ
B
≈ 3.3× 10−2. On the other hand, our theory predicts
σ
B
= (3−6)×10−2 depending on the parameter µ. Note
that in the numerical simulations [12, 13] the shear is
not small (i.e., the parameter Sτ0 ∼ 1), which explains
some difference between the theoretical predictions and
numerical simulations. Therefore, the numerical simu-
lations [12, 13] clearly demonstrate the existence of the
large-scale dynamo in the absence of mean kinetic helic-
ity and alpha effect, in agreement with the theoretical
predictions discussed in the present paper.
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APPENDIX A: THE ELECTROMOTIVE FORCE
IN A SHEARED TURBULENT CONVECTION
In order to study the shear-current effect in a sheared
turbulent convection we use a procedure applied in [11,
17] for similar problems. Let us derive equations for the
second moments. To exclude the pressure term from the
equation of motion (1) we calculate ∇×(∇×u). Then
we rewrite the obtained equation and Eqs. (2)-(3) in a
Fourier space. We also apply the two-scale approach,
e.g., we use large scale R = (x+ y)/2, K = k1 + k2 and
small scale r = x − y, k = (k1 − k2)/2 variables (see,
e.g., [41]). This implies that we assume that there exists a
separation of scales, i.e., the maximum scale of turbulent
motions l0 is much smaller then the characteristic scale
LB of inhomogeneities of the mean magnetic field. We
derive equations for the following correlation functions:
fij(k) = Lˆ(ui;uj) , hij(k) = Lˆ(bi; bj) ,
gij(k) = Lˆ(bi;uj) , Fi(k) = Lˆ(s;ui) ,
Gi(k) = Lˆ(s; bi) , Θ(k) = Lˆ(s; s) , (A.1)
where
Lˆ(a; c) =
∫
〈a(k+K/2)c(−k+K/2)〉
× exp (iK·R)dK .
The equations for these correlation functions are given
by
∂fij(k)
∂t
= i(k·B)Φij + Ifij + Iσijmn(U)fmn + Nˆ fij ,
6(A.2)
∂hij(k)
∂t
= −i(k·B)Φij + Ihij + Eσijmn(U)hmn + Nˆhij ,
(A.3)
∂gij(k)
∂t
= i(k·B)[fij(k) − hij(k)− h(H)ij ] + Igij
+Jσijmn(U)gmn + genPjn(k)Gi(−k)
+Nˆ gij , (A.4)
∂Fi(k)
∂t
= −i (k·B)Gi(k) + IFi +Hσim(U)Fm
+genPin(k)Θ(k) + NˆFi , (A.5)
∂Gi(k)
∂t
= −i (k·B)Fi(k) + IGi + (∇mUi)Gm(k)
+NˆGi , (A.6)
∂Θ(k)
∂t
= −N
2
g
Fz(k) + NˆΘ , (A.7)
where hereafter we omit argument t and R in the corre-
lation functions and neglect small terms ∼ O(∇2). Here
∇ = ∂/∂R, and we also neglect a small term ∝ N2/g in
Eq. (A.7). In Eqs. (A.2)-(A.7), Φij(k) = gij(k)−gji(−k),
Pij(k) = δij − kikj/k2, Nˆfij = gen[Pin(k)Fj(k) +
Pjn(k)Fi(−k)] + Nˆ f˜ij , and Nˆ f˜ij , Nˆhij , Nˆ gij , NˆFi,
NˆGi and NˆΘ are the third-order moment terms appear-
ing due to the nonlinear terms. The terms which are
proportional to the heat flux Fi in the tensor Nˆ fij , can
be considered as a stirring force for the turbulent convec-
tion. Note that a stirring force in the Navier-Stokes tur-
bulence is an external parameter. The tensors Iσijmn(U),
Eσijmn(U), J
σ
ijmn(U) and H
σ
ij(U) are given by
Iσijmn(U) =
[
2kiqδmpδjn + 2kjqδimδpn − δimδjqδpn
−δiqδjnδpm + δimδjnkq ∂
∂kp
]
∇pUq ,
Eσijmn(U) =
[
δimδjqδpn + δjmδiqδpn
+δimδjnkq
∂
∂kp
]
∇pUq ,
Jσijmn(U) =
[
2kjqδimδpn − δimδpnδjq + δjnδpmδiq
+δimδjnkq
∂
∂kp
]
∇pUq ,
Hσij(U) = 2kin∇jUn −∇jUi ,
where kij = kikj/k
2. The source terms Ifij , I
h
ij , I
g
ij ,
IFi and I
G
i which contain the large-scale spatial deriva-
tives of the mean magnetic field, are given in [11, 17]
(see also Eqs. (A.12) and (A.13) below). Next, in
Eqs. (A.2)-(A.7) we split the tensor for magnetic fluc-
tuations into nonhelical, hij , and helical, h
(H)
ij , parts.
The helical part of the tensor of magnetic fluctuations
h
(H)
ij depends on the magnetic helicity and it follows from
the magnetic helicity conservation arguments (see, e.g.,
[18, 19, 20, 21, 22, 25]). We also use the spectral τ
approximation which postulates that the deviations of
the third-moment terms, NˆM (III)(k), from the contri-
butions to these terms afforded by the background tur-
bulent convection, NˆM (III,0)(k), are expressed through
the similar deviations of the second moments,M (II)(k)−
M (II,0)(k) [see Eq. (4)].
We take into account that the characteristic time
of variation of the mean magnetic field B is substan-
tially larger than the correlation time τ(k) for all tur-
bulence scales. This allows us to get a stationary solu-
tion for Eqs. (A.2)-(A.7) for the second-order moments,
M (II)(k), which are the sum of contributions caused by a
shear-free turbulent convection and a sheared turbulent
convection. The contributions to the mean electromo-
tive force caused by a shear-free turbulent convection are
given in [17]. On the other hand, the contributions to the
mean electromotive force caused by the sheared turbu-
lent convection are Eσm = εmji
∫
gσij(k) dk. In particular,
in the kinematic approximation the contributions to the
cross-helicity tensor gσij caused by the sheared turbulent
convection, are given by
gσij(k) = τ [J
σ
ijmn g˜mn + I
(g,σ)
ij + genPjn(k)G
σ
i (−k)] ,
(A.8)
where
Gσi (k) = τ
2 (∇mUi) IGm , (A.9)
g˜ij = τ [I
g
ij + τ g en Pjn(k) I
G
i ] , (A.10)
I
(g,σ)
ij = τ [(2Pjs(k)− δjs)Eσikmn h(0)mn
−δis Iσkjmn f (0)mn]Bs,k , (A.11)
IGi = −
[
δij δmk +
1
2
δim kj
∂
∂kk
]
F (0)m Bj,k ,
(A.12)
Igij =
[
(2Pjn(k)− δjn)h(0)ik − δin f (0)kj
−1
2
kn
∂
∂kk
(f
(0)
ij + h
(0)
ij )
]
Bn,k , (A.13)
and Bi,j = ∇jBi. We take into account that in Eq. (A.8)
the terms with symmetric tensors with respect to the in-
dexes ”i” and ”j” do not contribute to the mean elec-
tromotive force because Eσm = εmji
∫
gσij(k) dk. For
the integration in k-space we have to specify a model
for the background shear-free turbulent convection (with
B = 0), which is determined by Eqs. (5)-(7) in Section
III.
The contributions to the mean electromotive force
caused by the sheared turbulent convection, are Eσi =
bσijk∇k Bj , where the tensor bσijk = buijk + bFijk is given by
Eqs. (8)-(9) in Section III. For derivation of Eqs. (8)-(9)
7we use the following identities:
∫
kikjkmkn
k4
sin θ dθ dϕ =
4π
15
△ijmn ,∫
kikjkmknkpkq
k6
sin θ dθ dϕ =
4π
105
△ijmnpq ,
and
△ijmn = δij δmn + δim δnj + δin δmj ,
△ijmnpq = △mnpq δij +△jmnq δip +△imnq δjp
+△jmnp δiq +△imnp δjq +△ijmn δpq −△ijpq δmn ,
and
εikm ens△jpqmns∇p Uq = 2 εikm [(∂U)mj
+2 emp∇p Uj + 2 eqj∇m Uq] ,
εinm ems△jkpqns∇p Uq = 4 {εinm [emk (∂U)nj
+emj (∂U)kn] + emn [εikm (∂U)nj + εijm (∂U)kn]} ,
εinq ems△jkpmns∇p Uq = εinq {∇p Uq [2 emk△jpmn
+2 emj△kpmn +△jpkn]−∇n Uq (δjk + 2ejk)} ,
εijn ems△kpqmns∇p Uq = 2 {εijn [2 emk (∂U)nm
+2 emn (∂U)km + (∂U)kn] + εijk emn (∂U)nm} .
In Eqs. (8)-(9) we have taken into account only the terms
which contribute to the shear-current effect. In particu-
lar, we consider the mean magnetic field in a most simple
formB = (Bx(z), By(z), 0) and we take into account that
By ≫ Bx and S τ0 ≪ 1, where the mean velocity shear
is U = (0, Sx, 0) and W = (0, 0, S). Straightforward cal-
culations using Eqs. (8)-(9) and Eqs. (13) and (14) yield
σ
B
= σu
B
+ σF
B
, where
σu
B
=
(q − 1 + µ)2
15 (q − 1 + 2µ) (q − 1) [1− µ+ ǫ (1 + 2µ)] ,
(A.14)
σF
B
=
a∗ (q − 1 + µ)3
35 (q − 1 + 3µ) (q − 1)2 [2 + 3 (2− 3µ) sin
2 φ] ,
(A.15)
φ is the angle between the unit vector e and the back-
ground vorticity W due to the large-scale shear. Equa-
tions (A.14)-(A.15) yield Eq. (15) given in Sect. III.
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